Abstract. Heart rate variability (HRV) analysis can be successfully applied to automatic classification of cardiac rhythm abnormalities. This paper presents a novel Java-based computer framework for feature extraction from cardiac rhythms. The framework called HRVFrame implements more than 30 HRV linear time domain, frequency domain, time-frequency domain, and nonlinear features. Output of the framework in the form of .arff files enables easier medical knowledge discovery via platforms such as RapidMiner or Weka. The scope of the framework facilitates comparison of models for different cardiac disorders. Some of the features implemented in the framework can also be applied to other biomedical time-series. The thorough approach to feature extraction pursued in this work is also encouraged for other types of biomedical time-series.
Introduction
Analysis of cardiac abnormalities usually starts with routine diagnostic procedure called electrocardiogram (ECG) . Detection of anomalies in an ECG can indicate the existence of cardiovascular and other diseases [1] . Heart rate variability (HRV) analysis examines fluctuations in the sequence of cardiac interbeat (RR) intervals. In cardiac rhythm research there is a problem with the selection of features for optimal arrhythmia description, because of the infinite dimensionality of the feature space. Therefore, researchers base their work either on physiological explicability of the features or on proven mathematical properties of the time-series. Both of these approaches do not guarantee that the entire feature space had been searched.
HRV features can be grouped in several categories depending on the type of the time-series' analysis needed to be performed for their extraction. These include: linear, time-frequency, nonlinear features, and rhythm pattern analysis [2, 3, 4] .
Linear time and frequency domain features include statistical properties of the heart rhythm and power spectral density estimates in clinically relevant frequency bands [2] . Time-frequency features are useful for finding nonstationarities in cardiac rhythm. The time-frequency methods mostly employed for arrhythmia detection from ECG and HRV time-series include discrete and continuous wavelet transforms [5] .
Numerous nonlinear features can be grouped into three categories: chaos and phase space quantification features, entropy-based features and other nonlinear features.
There are several programs known to us that implement some of the features used in the HRV analysis: ECGLab [6], KARDIA [7] , and HRV Analysis Software [8] . In this work, we develop a novel framework for HRV analysis called HRVFrame that implements most of the previously mentioned features for HRV analysis. The framework is intended to act as a bridge between cardiac rhythm data records and medical knowledge discovery. The strong point of the framework is the number of implemented features, which allows researchers to easily compare the results with other authors. Our framework is still a work in progress, albeit at an advanced stage. From scientific perspective, the framework has been evaluated in a number of successful cardiac disorder classification tasks [9, 10] .
Framework Overview
HRVFrame is an extensive Java-based framework containing many features covered in the HRV analysis literature. Its main purpose is data preparation -it is used to extract features from cardiac rhythm records and store them as feature vectors prepared for further knowledge discovery. At present, the process of feature extraction is performed offline and the framework has not been integrated in any particular knowledge-based platform. The whole process of cardiac rhythm records analysis using HRVFrame is shown in Fig. 1 . HRVFrame is organized into three major logical parts: input, feature calculation, and output. 
Data Input
The input part of the framework is designed to take cardiac rhythm records, to allow the selection of features and specification of features' parameters. Cardiac rhythm records in the form of textual ASCII files are acceptable as input files. The input file structure is the same as the one provided by the PhysioNet tool rdann [11] . The files should contain the information on the times of R peaks, types of beats, and optional rhythm annotations. All beat and rhythm annotations used in PhysioBank databases are supported by the framework. Also acceptable is the input format where only R peak times are known. Some features have parameters that determine the calculation 
